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1.0 INTRODUCTION

A benzene and t o l u e n e source aiea iinvestugalioiri was conducted in the vicinity of the intersection

of Commerce Way a.nd Atlantic Avenue (Source A,rea Investigaitiion) al the Indu si ri • PI e x Site

(Siile) during November iund December 1997. The invest igat ion was eonducledl by Koux.

As soci aites, In ic a.nd O'Reilly, Talbot and Ohm Associates, Inc. oiri behalf of the Indu si ri • PI e »c Site

Re media] Trust ("1SRT}, and was perlornned im accordance wnlh a. work pliui d a t e d November 7,

1997 (RouH. Aswcial.es I997a) thai was approval by the United States Envi ronrnie ml al Protection

Agency (USEPA) on November 7, 1997, Due lo the impending iredevelopmient and road

construction ac'tnvitiies scheduled lo begin in the area., the invesl igal ion was conducted as a fa si-

t r a c k s t u d y to general e scireening; level data from which lo make prompt decisions regarding

potential response actions

The Source Area Invest!ij,atuoin was focused around former rnoniloring, well OW--16, which had

been located northea-sl of the intersect loin of Commerce Way and Atknluc A>venue, wilhin the

soutlheasit portnon of tlhe Ea.sl-Cenlra.l Hide File (Figuie I) Firom the lime of its iinslEillation during;

the Pha&E: 1 Remedial Investigation in 19I1J inintii l t h e t ime of i l l s abandoininenl in 1993, OVV-16

consistenlly exhibited toluene comcentratioiis of 30,,000 lo 35,000 microgrra.nns peir liter i(|,i]B/L)

OW-16 v/as screened from 15 to 35 ft benoth land surface. Dep th to waler at the former

local ioniof 'O\V-16 is approximately 5 f l .

As part of the Su'pplemeintal Souitce Investigation (SSI) conducted im la te 1996 EMU! early 1997, a

ground• water sample was collected lEroitn Gwprobe Poiinl GW-3, located in the vicinity of former

monitoring well OW-16, al a depth of l'.\ ft below land surface. This sa.mple conhuned t o l u e n e al.

a concentrat ion of 4 |ig/L. Based uipoiri lliese findings, the SSI Report concluded that toluene

concentrations appealed to have declined signiificanlly since t h e early 1990s,, when GSIP Phase 1

and 7. weire coirnpleted, and that lhe.se results suggested either a ireduction in the stniogllh of the

toluene source in that aiea oir .a ireduction i;n tlie leaching of the source a.re,a due to Site remedial

measures connpleled siniDe the GSIP Phase 11 iund 2 (ii.e , capping of I he Ei a si -Cenl ral Hide Pule)

However, the SSI Report cautioned Lhat, given t h e limited data set developed during I lie SSI, the

apparent dissipation of the toluene "'hot spoil1" Mailed l o b e confirmed.



Bcrneine ILEK! never b«een detected in OW-16, mor was benzene detected in ground-wateir sample

GW-.3 dmriirig the SSI. Nonetheless, benzene was. iiiiduided in t h i s Source Axca Investigation :rt the

request of USEPA based on their assertion tlial. beiruene had been detecled in ground water

enilering a test pit excavated dunriji; a previonjis iirivestngalioin in i.he same general area.

Based upon the historical data ftom GW--1.6 and I'he results of the SSI, the objective of I he Source

Area Investigaliom vwasi l.o further investigate the potential for a cointiniuiirig source of lo lueme or

benzene in the vicinity of former mo riitorinig; well OW-16.

The subsequent sections of this report preseml l.hn: scope of work a.nd the results of the Source

Area I investigation.



2.0 SCOPE OF WORK

As presenled in the I) SEP A-,app r ove d1 work phui, the Held woirk connpleled for l.he Source Area

1 nive stigatiion included t h e following tasks;:

<> Task 1 •• Soil Gras Survey,

« Task 2 •• Geophysical Survey;

ii Task 3 •• Sail Sampling; aim!

» Task A •• Ground- Wai er Siunpliing.

In addi I io:n, test pits we ire excavated f i t lour location:; bas.ed upon I H E : res.ults of Task 2 •

Geophysical Survey. Inscriptions of each oi I he above tasks;, as well as the l e s l pit excavation

task, are provided bellow.

3 . 1 1 Task II •• Soil Gas Survey

t\ soil gas survey was conducted on November 10 amid 1 1, 1991, by Pine & SivaJlow Associates,

I me (PSA) of Gtolon, Massachusetts, under Ilie oversight of a Roux Associates, Inc. Held

ij,eoloj|;isl. Soil |;;as samples were collected at the 39 locations shown in Figuire 2,, wilh line

exception of SGr-22 As ahown, 'the sajiri|ple locations were based upon a SO -loot grid spacing

over 'the 300 foot by 300 fool area specified inn the w o r k plan. Sample locations were niodiifiied as

necessary to accommodate surface fe.ati.nres (e.g., streams, ivetlajuds, etc ) The soul ga.s samples

were collected from a depth of 2 to 4 feel: bellow ll:i.nd surface and a.naJy;! ed in the Held f o r benzene

and toluene u&mg a g&& chiomatograph (GC). There was no soil gas sample collected at SG~'22

due I o the presence of grew null water at i\ depith o f Ik'ss than 3 ][).. /I sajrnpl e of I IK: .ground \m\ e r

was collected and anaJyzedl for beiueine and toluene usinjt; the GC. There were no detections of

e n l h e r benzene or toluene in soil j|;a.s or ground 'kvater at concenl ralioins exceed iiriji; the practical

quaint italioin limit of 1 part per bilhon. Del alls regaiding sarnphrijj; and analysis methods a.nd

q u a l i t y assurance/quality control (QA/QC) procedures a.re provided in Appendix A..



!!.i! Task 1! •• Geop hiys ioill Survey

A geophysical survey was performed using nri.Eigiriel.omie try and ground penetral in$ radar (GFR)

technology The survey was conducted fionn November 12 to 26, 1997, by Geophysics GFR

Inlermai t i ional , - l i ne , of Needharm lrleij|;hls, Massachusetts , under the oversight of a Roux.

Associates, line, field geologist. As discussed in I he US EPA- approved work plan, the

magnelorneleir survey was to be c oniducl ed liirsit to iden t i fy potential lerro magnel ic anomalies.

within soul gas anionnaJy aieas, and them the GFR survey was l o b e performed to further inves l igate

tin: sourcei(s) of any ferroma^nie tic ano rnaliie'S identified using; the niEi. j insiwmelcr. As moiled above,

the i re were irio detections of benzene or toluene during the soul gas survey, therefore, the

inagnelorneleir survey was contducled across I he enliire accessible porlion of the iinilial 3 CM) loot by

300 fool sample grid ;i.[t:.;i I in addition, the magnetometer survey was expanded approximately

250 feet southward :it t h e iiequesl of I) SEP A l.o include an additioinal a.rea of reported historical

detectioms of benzene and toluene in ground waleir. The GPR survey was also conducted across.

t h e entire accessible portion of tlie initial 300 fool by 300 foot area of iirivesligalioii. Due lo the

fact t h a t (he GPR antenna is designed lobe dragged conliiriuously along I he ground surface, ralher

I han earned from point to point like the rnagnietomeler, the area accessible to GFR was slightly

less than tlhe ;m:.;t accessible lo the nnagnetornieter In order lo enable resolution of individual

ajionrialies which could be caused by buried drum si or tanks, the nriaginetomeleir and GPR surveys ,

were comducled along parallel transects spaced -every 5-iEeel and 3-leet, irespectively. Delaji ls ,

ing the geophysical survey methods lire pirovided iin Appeindix B.

2. 3 'Tm k '.\' •• Soil S a iin.plli;n;;;

Soil boring and saniplinig; was conducted Ironn November 18 through Nfovernbe r 7. 1 , 199'', using a

Geoprobe™ rig al the 29 locations shown in Figure 3, with l ine exception of SB-EF'I, SB-F3,

Si:!-G.;i and SB -1.2 (these lour locations were sampled on ly for ground water as described in

Seel ion 2 4) The woirk plan specified that soil ho ring and sampling would be performed using a

Geopirobc™ in I he areas exhibiti n;;; soul gas \\m\\ geophysical iuornalies A.s noted in Section "L\»

( h e r e were no soil gas ii.nora.iil ie;; Therefore, the 25 sioil Dimpling locations were selected

according lo rationale presented below.



'» The initial phase of soil boring and samp li n t;, included 10 local ion-; based on a 100 fl g,rid
spading; throughout Ihs: northern two-thud;; of the sample gnd aiea ( l i n e southern area
was , largely inaccessible 1.o l ine Greoprobe™). These boriirijg local ions include SB-A2,
SB-A4/SB-C2, SB-C4, SB-C6, SB-E2, SB-E4, SB-E6 , SB-G2 and SB-G4.

» In response lo I he reques t of USI iPA's field r ep re sen t a t i ve s , ten soil samplim;; location!)
weire added in , three specific areas the are EI o f a former ex cavat ion on the w« st bank of
the Aberjona River where tolueine liad been detected in ground water (soil bonmgs
SB-1VL2 and SB-FG2), the area of former nnanitonng well OW-16 (s,oil boring,s SB-I!3
and SI:)--F2); and within the are.a <eanrnarl< e d for conslruclioin of a storm water iretenlinn
basin as part of road cons tinu ctiion activities (SB--I4, SB-1'6, SB-K.4, SB-L6, SB-MB and
S B - M S ) .

Soil sannples were collected cointi nuous ly down lo l ine waleir table or lo I he point of Geopi oben>l

refusal at each local ion The sann,p[es \veire collected with a core sampler equipped with a sing;le-

use iicelate liner Upon retrieval the liirier was; sliced opein md tlie sample imrnedialely collected

from I he center portion of I be soil. Forty-two samples were screened in t h e field for the presence

of benzene and toluene using; IVIADEP-approved E!MSYS lEnviroguard™ BTEX• i i n • sioiil field test

k i t s Calculation forms fbir tlhe test kills are provided in A p p e n d i x C Fiive soul s,amples v/eire s e n t

lo I he Ajinenciun Environmental 'Network (A£N) labor Eitory located in North Bullerica,

1VI Eissachusetts for coinii rrn aito ry analyses. These samples w e r e analyzed for BTEX usiin^ US EPA

Metho'ds 8 2'10 and 8020. The laboratory ireporls for the five SEiinpl e si are provided iin

Appendix El.

ii.ll soul boring locations with the exception of five locations where reliisial was encountered prior

I o reaching Itu: water I able (local ion si SB-D6, S B-D 7, SB - E!), S B • li: 6 and SB-E7) I n t e s,ponse to

l ine request of USEPA's Reid iepnK&Kni ta t ives i , four addit ional s.ainpling localioms. weire added



SB-E2 find SB-E:3 , deepeir ground• waleir samples w e r e coHeeled from depths nuii&ing from 5 to

'20 feel beneath Lhe waiter (able.

A total of '29' ground-waleir samples were a.afilyzed in the field for benzene and toluene using a

GC The samples collected on November 11B, 1997,, w e r e analyzed by PSA, while I he samples

collected from November 19 through November 2 1 , 1997, were analyzed by O'Reilly, Talbol &:

Olanri Associales, line i(OTO) of Springfield, Massachusetts The finalytiical irnelhods used by PSA

find OTO fiie described in Appendices A and E, respec t ive ly . Three gjrourid• waler samples were

sen! for confirrnalory analysis to AEN These 'samples \veire analyzed fbir EITEiX using 1JSEPA

Mel hod 8020. The laboralory reports for lhe.se three samples are provided in Appendix D.

2.!i Tesil Fill: IE-:ic:ivnntiioins

Four le ,s>l p i t s weire excavated at the localionu; shown in Figure 4 These locations were selected

based upon the iresults of 'the geophysical survey \vliich ind ica ted t h e po ten t i a l presence of

cylimd rical objecls such a.s drums or LIST'S.



3,11 Soil G;ii!> Survey lElirsm I LSI

As, mcil ed iin Sec lion 2 1 there were no detections, of be n.zene or toluene in any of I he '.\ 8, so il ga si

samples Appropriate QA/QC procedures, were followed during the survey ito ensure that the

a.nalylica.1 equipment was functioning correctly. Appendix A provides descriptions, of tlhe soil gas

analysis and QA/(}C procedures,, and atabulai sm iranajy of soil ]g as, resul ts

The USEPA's f ie ld representalive expressed conce ra thai rajn e v e n t s , just prior to irmplerme n tation

of t h e soil gas survey could have prevented the e f fec t ive use of I his, technology Hloweveir, R a u x

Ass,oci,£ites believes that tlhe soil gas results a.re valid because toluene was detected only i l l depths,

greater l.h<uii five feel below the waleir table. Rou»; Associates does not expect toluene to be

presenl in soil gas, since no toluene was present in the uppermost part of the saturated zone

'.]>. I C e Qiplh ys itall Su rvey Res utlll s

The results of t'he geophysical survey are sunimari;:ed below Addit ionaJ detaals and rnaps of the

geophysical survey resul ts aie provided in Appendix El

The magnetometer survey results for I he central ,and eastern por t ions of the study area revealed

numerous a.nornalies, that could not be attributed to visible surface fealuires or to known

subsurface features These anomalies are shown in Figure 'IA (Appendix El). The anomalies,

designated with an "A" in Figure 'IA (Appendix B) a.ie the anonrialies which t h e geophysicis,!

c o n s i d e r e d to have some potential to be attributed to t h e pi[es,eiu:e of a buried drurn(s) or LIST.

The magnet ic anomalies measured im the southern and v /es , l e rn parts, of the study area ivere

attr ibuled to the nuirnerous ferrous objects,, smdi as car parts,, constructioiii debris, and discarded

household items, observed in these area.s. Additionally, I'he geophysicist: i n d i c a t e d t'hat a riumbei

of anomaJies in t h e southern portion of the study .area were as s,ociated wi I h bedrock exposures.

KSi !i>OC:UVir i - H i , IMC. .7.



Figure 4E1 (Appendix El) provides the interpretation map lor t 'he GPR survey The anomalies

designated with an'"A" in Figure14El (Appendix El) are the GPR a.nomalies which the geophysicist

considered to have some potential lo be attributed to the presence of a buried dinunri(s) or LIST. It

is; miportajul to note that correlat ion of maps 4A and 4B indicates thai, none of the anomalies

designated with an "A" ,in Figure 4A yielded a GPR anomaly ind ica t ive of a buried drum or tank

Tbus, il is highly unlikely thai any such features are present at those locations

In order lo fac i l i ta te comparison of the magnetorneler and GPR survey anomalies with the resu l t s

r'rorn olheir Source Are.a Invest igation la&ks,, line anomalies designated w i t h an "A" in Figures 4A

and 4EI (Appendix A) have been superimposed onilo I he Source Area Inves t iga t ion sampling grid

(Figure 4).

.:L3I Soil: 1:1 our iin g andl Sunipliini||; Res m l Is

The iresults of I be soil homing and sampling are sju inina.rized on Table I. Tlhese results include

lithologic descriptions for all soil samples collected, photoioiriji;!.aition detector (FI'D) readings a.nd

EITEiX' test Lit and laboratory analytical results (where applicable). A discussion, of this data is

p rovid ed below

Siiiraple ID 'Ci ic r i ip l id ins The soil underlyirij;; the sampling grid area is comprised predorniinantly of

line lo medium grained sannd, with lessee r armounts of sill, and f i n e lo coaxse gravel. The soil from 0

to "i leel. was typically brown to orange-brown in color, while deeper soils typically iran^ed liom

dark foirowiri to grey and blade In color. Stroing odoirs were airily noted in I he soil samples lironri

borings S1B1--A2 and SEI--O, bolii witluini Line capped portion of the East-Central Hide Pile. Tihese

odors were moire typical of the decaying organic mat te r present in the capped bide p i l e , rat t ier

than an aromatic hydrocarbon odor thai v.'oul.d be associated vvulh 1beai:ene or to>luene. Slight

odors were also as s>ociated with the sample!; fronn bo rings SB-1VI2 and SE1-D4.

NOLDCASSOCIIATIiiSJIMC.



P'lD ]l<teadii i[ i j | ;s The PID re sidings obtained ifroitn the screening of soil .samples iranged f torn 1.1

part.*, per null Lion (ppm) to a maximum of 3,1 ppra (Table I). Based on our experience a t

petroleum spill sites, these PI.D readings are one to two orders of rnagjuiluide lower thai] would be

expecled if the !io>il had contained be ruene ortoluene at "source area" concentrat ions

Tesl Kil l Result:!: The BTEX!--in-soil lest kit results ra.n,g,ed from less than 1 ppirn at several

locatioiris, to a maximum of 60 pprn at SEl-WQ, 1. to 4 fl (Table 1) T we ml y • five of the 42 samples

exhibited BTE X-i m- so il l es l ki t result.5. of less than 2 ppirn, 1 1 of l ine '12 we re between 1. and 10

p p i n , and six of the 42, test lal resulls were greater than 10 ppm. The table below provides a

coirnparisoii of the test kit result:! , with the laboratory resulls for the f i v e samples sen! fbir

coiriiirraatory analysis.

The above table indicates that the BTEX- in-soil l e s , l kits, yielded false positive HIT EX detections

and overestiirnated I he BTEX! con central ions by severa.1 orders of magnitude. The pprn • nui g,e

coincentralio'ins deterniiiried by the test kil.s are not consistent with the Held observations (i e.,, no

aromalic hydroc,a.rbon O'dors) nior the soil gas survey results (ii.e , benzene anid toluenie were not

detected). A possible explanation for these false positives, and overestimated BTEX

coincenlralio'iiis is l.he potenl.ial presence of other organic malteir or non-target cornipouirids vnthin

the soil sample,!..



Boning!; :i.l: Geophysical! Anomalies: As discussed in Section 3.2,, there were numerous

magnetometer anomalies throughout the northeiasl portion of the Peninsula, Area. Soil Borings

SB-D4, SE>-D6, SB-D'7, SB-1E5 and SB-El? were performed to investigate t h e soil conditions in

this area. The shallow refusal depth a.n.d uns;ar.uralci:l soil conditions at each of these locations is

indicative of the presence of shallow bedrock throughout this Eirea, which is; consistent with the

observation of numerous bedrock outcrops. Biised upon these data., as well as the absence of any

impacted soil, the geophysical survey anomalies; in the northeast portion of the Peninsula Area are

attributed to the presence of the shallow bedrock.

3,. 4 Giro in nd -Waiter Siautin pi i ing Res ml Is

The locations and depths of ground-water samples; collected during the Source Area

Investigation, as well as the anaJytical results for toluene in the ground-water samples;, are shown

in. Figure 3. Benzene was not detected in any of the ground-water samples. The results for

toluene are discus;sed below,

Toluene was; not detected in any of the shallow ground-water samples (i.e., those collected within

five feiet of the water table), Toluene was detected in 5 of the 9 ground-water samples; collected

from depths exceeding five feel, beneath, the water table (locations; SB-G3,, 8B--T1, SB-M2, SB-E2

and SB-1.2 in Figure 3) Concentrations ranged from SO ug/L in SB--I2 (14 leet below land

surface) to 20,000 u.g/L at SB-G3 (13 feet below land surface). The table below provides a



3.5 Teal Pit O bin: insulin) in a

Test pita were excavated at I he four locations sihov/n i n Figure 4 From north to s o u t h , these

excavations revealed:

<"> a 2-iinch PVC well b roken below grade and a piece of tnelal debris,;

<"> a reiinio reed concrele drainage vault;,

« a small bundle of wire; iuiid

« ittie sewer connectiom loir the trailer compound fbrnnei'ly located in the area

Inspections of l ine test p i t s ; and tlhe nuaterials enioounlered undicale that none oflhie ' ie represent tlhe

source of I be toluene

ROUX ASSOCIATES, INC. -11-



<» The results of the soil ga.<i survey, magnetometer survey, ground-penetrating radar
survey, soil sampling iund analysis, ground-waler sampling and amaJysiis,, and test pit
excavation, combined with the resu'llia, of prioir investigations, conclusively demonstrate
'that the toluene detected iiri ground water north of the intersection of Coniumarce Way
and Atlantic; Averuie is no*'! the resuill: of leakage from buried drums or I:sinks and that
there is, no ongoing source of toluene in the study area.

» The toluemc: "ho't spot'" is airremlly located imni,ed:ialely north of the intersection, of
Conrimerce Way and Atlantic Avenue, just slightly south (approximately 50 ft) of its
1991ft 992 location.

« Toluene coiricentral.io.ns in the "hot spot'" range from, 2,,400 to 20,000 |.i,e/L at depths;
ranging from 1.3 to 25 feet below land surface Co'iisequiemlly, the "'hot spot"1 is, below the
depth of the excavations; needed to construct the Commerce Way extension; and, the I-93
interchange.

ROI.IX ASSOCIATES,, INC. -12-
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î 

"iaX.,---""" 
i^

\
 

s' ;

xyV /V\



;>- »: ;<: 
:>-• n

9
-; 

o'i^P
 

o' ::-
(--' 

::> 
<

 
:;=;

t::i a: ;.;> 
o







Limited Subsurface InvesIIgation

LS.R.T Site
Commerce 'Way and Atlantic Avennue

Woi;i.biui:i:][ii,, Mass;

Rom: Assw dates,. Inc.
13 Branch Street

Methuen, MA 01844

F:i:q;)'«m:<:l by

PINE & SWALLOW AS SOdAXES, INC.
Einiviira run cm tal Sdein tiisisi, EngiiKE! curs and DesiijBjn curs

867 Boston. R.o;id

Gcoton,MA 014SO

978-448-9511

PSA Reference Number: 97141



En vrronm ewtaJ. ScHencs,, Engin&en'rtg and Design

86? Boston Road, Grofon, MA 014'50
(508) 448-951! Fax (508) 448-6645

Principals • Robert /V Pine, P E.
Joh n C. Swallow, Ph.D.

' December 3/1997

Larry McTi eniai\
Roux As societies,, t'-c1-
13 Branch Street
Methuen, MA OIS44

RE: [SRT, Wo burn, Mass

Dear Larry,

In accordance' with, your requc-:st,r Puie & Swallow Associates (PSA) has
prepared l.hJs su.inrana.ry retporlt of subsurface investigations perform eel a|-
I.SET. This repoirl' ,sunu:nari.;!:es l:he equiiprnent and pirocedures; employed by
PSA for soil gas sampling, as wel.1 as l.he resulls of on-si te gas chromatograph
analyses of soil f;<as and v/ater.

We a p precia I eci the opportunity lo work w i l h you and I hank you for
eagaginj;; our services for l.h.is project. IT there are any questions, please do no I
hesilate to call.

Sincerely yours,
I"1 Line &. S'w ii.l.l ci i^' As s oci a I es, Inc.

<G'ijfep;|!jil|:y S. Rolbncli
ir-p •' ' . 1 .<"il]E;li;pi!.ij;oin me nita.1 Ch ernj.s t



L ii m it e d S u b s 11.11 rf a c e I n v e s t ii ga. I io n
LS.R.T Site

Co m m ere e Way a 111 d AII: I a n II: ii c A ve nu e
Woburn,Mass

L INTRO DU CTI ON A N D PROGR A M S U M MAR Y

On Moverriber 10, 11 and 18, 1997, Pine & Swallow Associates, Inc

(PSA) conducted limited subsurface invest igat ions of The BET site. The

purpose of PSA's ef for t was l.o cassis I: Rome As sod ales , Inc. in .assessing soil gas

and ground water condit ions at the site. Del-ails of equipment .and procedures

for MlcroWell® installation,, soil ga.s sampl ing and the methodolo>gy .and

resull.i> of on-sile gas chroinatographic (GC) analyses of soil gas .and ground

water samples for selected volatile organic compounds are enclosed.

Progra ni !:> u mum any

PSA's study included soil gas sampling at I h i r t y - e i g h t localions. Ar one

location a soil gas s simple was not a t t a inab le so a water sample was taken and

analyzed. Soil gas samples were collected from two to four feet below ground

surface (I3GS) and wen? anal.yz.ecl with an H.P5890 GC for benzene and toluene

in PSA's mobile laboratory. Six groundwater samples collected by Roux

Associates f ield personnel were also .analysed, by PSA.

All i n s t a l l a t i o n and sampling loca t ions wen? chosen by Roux:

Associates,, Inc. field personnel, All analyse.:; were performed in. PSA's field

laboratory for cornpo'unds determined by Roux Associates, Inc.'s program.

Micro\Vcll a tied Vibra Drill are regisleied trade nwks of Pro Terra, Inn: . , an a l ' f i i l i a l c of PSA.



SOIL GAS INVESTIGATION

Soil Gas liiquipnienl: and Methods

Soil gas analysis refers; lo gas di.rornal.ographie (GC) analysis of the soil
atmosphere (soil gas) to dieted- volatiles originating from contaminated soil,
fro mi a c o n t a m i n a n t ground water plume or from pure; product f l o a t i n g on
the ground! water surJfa.ce. Soil gas analysis allows comparison of
con cen t rations of vo la t i l e constituents over an a r r a y of tesl locations to
i n d i c a t e pe r t inen t dimensions of a discharge or plume.

Soil gas samples were obtained by driving a half-inch, steam-cleaned,

hollow steel probe fi l led with a drive point lo a selected depth below grade

.vllth one of F'SA's Vibra 'Dril ls The1 probe was then pn.illed back and a rod was

used to drive the po in t beyond I he end of the probe thereby crea t ing a
sampling c a v i t y

Samples were collected! by sealing the top1 of the sampling probe w i l h a

tubing adapter which connects Ito a mon i to r ing panel and vacuum pump.

Ten volumes of air were purged from the sampling system by use of a battery-
powered p u m p . During jpurging, flow and pressure; measurements were

record ed.

To collect a soil gas sample for GC analysis,, the sampling tubing was
isolated fromi the; v a c u u m pump by a selector valve. Af t e r purging of the
MicroWell,, a gas sample was wi thdrawn through a silicon rubber section of

the sampling tubing with a 10 rn'L syringe. The syringe needle was capped

w i t h a septum and the sample delivered immedia t e ly lo the mobile
laboratory Thirty-eight samples were logged in by the chemist with a chain of

custody form which i n c l u d e s Ithe syringe ID,, sampl ing location and sample

depth, and analysed according to PSA's analyt ica l SOP.

i P i i E 1 & Swat!law Associates, Luc.



G R OinVD WATER INVESTIGATION

Six Ground water samples were collected by Raux Associates,, .Inc. f ield
personnel and one ground water sample was collected by PSA .for field
analysis. PSA provided preserved vials for collection and on s i te analysis in
PSA's mobile I aborator y.

PSA utilizes flew Is 11- Packard! 5890 gas chroma togrciphs to- analyze soil,,
water and soil gas matrices for a var ie ty of o r g a n i c envi ronmenta l
contaminants. Gas chroma I ography (GC) technology physically separates the
components o>l: a coTitarninaledl matrix and the contaminants are then

i d enti.fi ed using compo u nd- s peci fie de te c I ors. PS A's GC ins l:r u me n t at ion

cu r r en t l y employs three d i f f e ren t detection modes. The electron capture

detector (ECiD) is primarily used to identify electromagnetic molecules such as
c hlori n a ted,, Ibrominated am d fluo rinated corn pou n ds, Th e photoi o ni:;: ation
detector ( P I D ) is effective in the d e t e r m i n a t i o n of aromatic and/or a l i p h a t i c

contaminants such as benzene, toluene,, ethyl benzene and xylenes (BTEX).

Analysis is conducted in accordance w i t h PSA's Standard O p e r a t i n g

Procedures (SOPs).

Fo>r -water and soil, headspace sample matrices which are analyzed to

determine 13TEX/MT 13B and chlor inated con taminants , field samples

undergo preparation steps prior to analysis. For water samples (collected in 40

rriL VOA vials),, an aliquot of the water sample is; removed from the closed
sampl ing v ia l to- create headspace wi th in the v i a l . Samples are warmed to

a m b i e n t temperature,, agitated briefly and the headspace w i t h i n the via l is
allowed to reach equilibrium for a short period. An a l iquot of the headspace

is withdrawn by gas-t ight syringe- and injected into I h e cm-site gas
chroma tog raph for ana lys is . PID/EC D1 detector modes are u t i l i zed for

corn pound identl fi cation.

Pine <!i Swallow Associates, .Inc.



An [appropriate analytical! capil lary column is selected for the .suite1 of
analyles under study. Once I he sample is prepared for a n a l y s i s and
inlroduced into l.he GCs heated inlet i n j e c t i o n port, it is, I ran spoiled in its
gaseous; form to the anally I ical column, As a s amp le migrates, through this
column, its var ious components interact with the column film to become
temporari ly adsorbed and subsequently desorbed Each compound in the lest
sample transits the column at a d i f f e ren t ra te which is temperature con trolled
and enhanced, hence creating a unique re tent ion time. Each co'nvpound also>
e l i c i t s a unique response from the detectors. These responses are translated
wi th in the data collection system in the form of peaks which are assigned
height and a rea va lues r e l a t i ve to analyses of anally I i ca 1 standards, This data
is subsequent ly evaluated to determine concentration of the target analyte
w i t h i n the sample mat r ix ,

Iden t i f i ca t ion and quan t i f i c a t i on of target analyl.es detected in the
sample are achieved by retention time comparisons to reference standards
f o r m u l a led with a n a l y t i c a l grade compounds of known concentrations. For
all analyses,, blank samples from syringes, sampling equipment and reagents
are analyzed periodically to ensure sample and method integr i ty . Daily check
standards are run to verify inslrurnenl: s tabi l i ty , calibration,, sensi t ivi ty and
p e r f o r m a n c e . Duplicate analyses and replicate sample injections are r o u t i n e l y
conducted, to support me I hod accuracy and a n a l y t i c a l precision.
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Thirty-eight locations chosen, by Roux Associates, Inc., field personnel,
•were sampled for soil gas at depths ranging from two to four feet 13GS using
PSA's Vibra Drill K'lOO,, Thirty-eight soil gas samples were analysed! for bezene
and toluene on a Hewlett Packard 5890 GC in PSA's field laboratory.

Results of soil, gas analyses for the compounds selected by Roux:
Associates,, Inc. field representatives and performed at 1SRI are included in
the Appendix. Results of soil gas analyses showed benzene and toluene were
not present in amounts greater than the prac t ica l quant i f ica t ion limit.

Negative soil gas findings at a test location do nol guarantee that the
soil or ground water at depth is free of contaminants because geologic and or
hydrologic condi t ions may be present that prevent upward diffusion of
volatiles .from, deeper horizons, For example, a part of a contaminant plume
that is overlain by clean water typically cannot be detected in the soil
atmosphere. Experience with soil gas reconnaissance also shows that the
distance a con t aminan t p lume can be traced, from a source depends on
geologic,, hydrologic and man-made features t h a t are unique to each site.
Additionally, positive f indings at: a sampling location, can arise from soil
contaminat ion only and do not confirm that the underlying ground, water
has been impacted.

Pint: <&: SwaUow AssocietteSf inc.



Seven ground waiter samples were analyzed for benzene and toluene by
a Hewlett Packard SB90 GC in Pi:!A",s field laboratory. Results of the ground
water analyses are tabulated in Table 1,

TABU;; i
On Site 'Volatile1 Organic Analysis

[SET,, Si He Address
Ground Wateir

11-18-97
Ippb]

Sample
ID

Sample
Depth Belize IK; Tol u IK; NOTES

C-2 0-8 <PQL 1 . 0

Ground water samples were analyzed for benzene and toluene as

determined, by Roux Associates,. Inc."s program,, Results showed benzene and
toluene were not present in amounts greater than the practical, quant i f ica t ion

11 mi I:,,

This report is submitted subject to the l imi t a t ions stated in. the
Appendix.,

Pine & Swallow Associates, Inc.
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L I M IT ATI ON S AN D CON D HTION S

1. The observat ion: ; described in th is repor t were made unde r the
cond i li cms stated. The conclusions p rcscntedl in I he rep oil were based
so le ly upon the services described and not on s c i e n h l f i c t a sks or
procedures beyond I h e scope of described services; or I h e time and
b ud$e I ar y cons t r a in t s urn posed by Qienl. The report has been prepared
in accordance w i t h g e n e r a l l y accepted hydrogeologica l and
hydiochennioal practices. N'o other war ran ty , express or i m p l i e d , is
ITI a d e.

2. Negative f i n d i n g s for the presence of v o l a l i l c organic com pounds
using soil a tmosphere analysis are not positive' or absolute proof that
disposal or d ischarge of chemicals has not occurred in the p a s t at the
sampled locations or an)'where else on Ihe she. Negative findings are
not pos i l ive or absolu te proof I hat rnigral ion, , seepage or any o t h e r
movement of c h e m i c a l s is no I occurring a t the sampled l o c a l i o n s or
elsewhere on the site

3. Chemical condi t ions reported here in r e f l e c t condi t ions at the locations
I es led within the h r n i t a l i o n s of Ihe rn el hods used. Such conditions can
vary r ap id ly f r o m area to a r e a . No w a r r a n t y is expressed or implied
l h a l chemical condit ions other than those i op or ted do not ex i s l w i t h i n
Ihe site.

4. AI those local ions where volatile organic compounds were ireported,
c h e m i c a l s o the r I ham those reported may be present Chemical
ana lyses have been performed for specific pararnelers duriinj;; it hi:,
assessrnenl. However , a del i Nona! ch orn i ca 1 cons t i tuen ts ; not searched
for du r ing , the current studly may bo pies en I in s o i l and/or ground
waler a I Ihe site
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TABLE 1
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Magnetic and ground penet ra t ing radar surveys were conducted foir Rou>; Associates,
I n c . a t the Industn-Plex s i t e in Woburn, Massachuse t t s , . The geophysical surveys,
cove r ing several a c r e s , were conducted on different days, dur ing I he period of November
12 to 26, 1997. The objective of lhe .se surveys was l.o locate burned drums and/or small
underground storage tanks (U,STs) possibly located w i t h i n the survey area.

The sile locus is at the i i n t e r section of Atlant ic Avenue and Commerce Way about one
mile northwesterly of the intersection of Routes 9!>/ ' l28 and 93 The a.reas of
investigation a.ie part of a large former industrial f a c i l i t y . The genera.! sile area is
bounded by Commerce Way, Route 9.3, and p r i v a t e properties (see F igure No 1).

There is one large area of in te res t Lhat was surveyed by rnagnelornetry with portions of
t h i s area su rveyed with g round perietralJrig radar Oraall, the i n v e s t i g a t e d area is
genera] I y rec tangu lai • shaped „ open ground contai n i n E; area s, of dense b rus h , e.»;][>;)s.ed
!;iedn;K:):., and wet aieas, approximately 30D feet in an northeast-southwest direction and
600 feet in anortlnvest-southeast direcLion. The geophysical survey a.rea was s u b d i v i d e d
i n t o two smaller aieas, t h e Peninsula and Uie Ponds, and Wes t of R i v e r areas, clue to the
presence of a small river crossing the. s i le and small ponds.

2.0 METHODS OF DMVEiiTIGATIOM

The magnetic method employs, a proton precession magne tomete r l.o measure Uie total
magnetic field (TA'IF) slrenglh. The Tlv|]:: us the actual field s t i r engLh , w h i c h consists of
any buried ferrous source superimposed on that of I he ea.nh. Local van a I ions in I he
earth 's magnet ic field strength depend on t h e presence of feirrornagrielic material , such
as iron and magnet i te .

Changes in tlie magnetic field sl.rengl.ln near such materials are a t t r ibu ted to induced and
rerna .nen t magne t i z a t i on . A. ferromagnetic material acquires an induced rna[>nel.i,i:aiJori
when placed In an external magnetic field Reirnanenl magnetization is permanent
magnetisation, which may be acquired during Lhe m a n u f a c t u r i n g , of SIDE:I products .

A gradiorneler was used during l.his i n v e s t i g a t i o n A ,;;radiometer is s imply a
magnetometer with two magnetic field sensors, one mounted at a fixed h e i g h t above the
other. Two measurements are Ilien taken at each station The difference in the magne t i c
strong Lh between the upper ami lower sensors i s, the verti call magnetic gradient (V1VIG)



3) since reading,!; <EIK: ta.ken almost simultaneously,, the measured gradient is i n d e p e n d e n t
of temporal magnetic fluid nation:;. Si mix: the, earth's magne t i c field! constantly change:;
over the course of a. day , a dedicated base station is usually positioned near the site or
at a point t h a t is frequently r e tu rned l.o (looping, method) to take r e p e t i t i v e readings in
order to correct for Lhis diurnal variation. A base station was used due to the moderate
size of the investigated area.

2.2 Ground Penetrating, Radar (GPR) Method

Ground pene t r a t ing radar (GPR) employs high resolution radar to delect buried! objects
and! subsurface stratigraphy. Many of the principles of GPR axe1 s imi l a r lo that of the
seismic reflection rneLhodl used in oil and gas exploration. The transmitting, aniienna
emuts brie ( 'pu lses of electromagnetic energy inio the ground. During the time between
pulses , the receiving a.mlenna records energy w h i c h has been reflected b a c k to the
surface.

Radar waves are reflected by interfaces between media withdiffering dielectric constants,
such as geologic contacts,, buried objects, or voids.. The dielectric constant is <:oril.ro]!ed
by factors such as water c o n t e n t , d e n s i t y , and composition. The depth of penetration is
I i mi led by the operating frequency of the transmitter and the electrical conduct iv i ty of
the g;round.

The GPR urnit records the two-way travel time and the ampl i tude of the reflecied! signals.

pipe,, or tank, t raversed at right angles, is a convex-upward hyperbolic reflection. The
source of the anomaly is located at the apex of the hyperbola.

3.0 DATA ACQUlSmON

3 . 1 Bc|iiipmenl

The magnetic survey was accomplished using a Sdntrex Brivi- lvfag gradiometer . Each
reading of the total magnetic field! and! vertical magnet ic gradient strength was
a u t o m a t i c a l l y stored in the memory portion of the u n i t along with the coordinates of the
s t a t i o n , time, date, d r i f t belween stations, and statistical error. The data were transferred
to a computer foir further processing, including diurnal variations.

A GSSI S IR-3 ground penetrating radar system with 100 and 500 rnl-lz an tennas was
used at this site. All field da ta were printed on an electrostatic recorder.

21 ..2 Survey l[>e:s;ijg,n and IProcedlureK



A general grid was esia bl i shod by I he field aew w i t h i n which the gradio metric and radar
surveys, were conduclal. Grid nodes, were marked eve ry f i f l y feel with inon-magnetic
c o n s t r u c t i o n pin flags, and pain! spots and station position's WE: r e marked every I en feel
with p a i n t spots, across I he a.reas, in orthogonal direct ions.

The geophysical grid is coincident with and is superimposed on a .50 foot grid! s y s t e m
established by Meridian Land Services;, line T h i s g,nd system w a s in tended for t h e use
of R o u x Associates personnel in I he performance of a soil gas , investigalion. The
g eophy si call grid l a i d on I by Geophysics GPR u t i l i z e ' ) distances and d i r e c t i o n s , L h a t is feet

Our gcophysiic.a.1 [],nd r e f e r ence point, designated ON/01::, us located l e n feet south of s o i l
g,as grid po'int E-.3 (SG-19) on soil g,as line 3 There fore , t h e soil ga.s, coordinate D-3 is
coincident w i t h our geophysical grid po in t ifiON/OI!:, and soil gas coordinate F-.3 is
coincidenl with ouir geophysical grid point 'IOS/01::. This re la t ionship is, maintained
i h r o u g h o u t the survey.

Departures from the g,rid occurred at imiervaJs unit b in the survey ex] areas, due pn manly
to the p r e s e n c e of d e n s e bai'sh, exposed bedrock, and *et areas. The gradiometr ic data
acqu i s i l i on w,as along parallel l i n e s spaced e v e r y f i ve feet w i t h measurement stations
located every five feet along each l ime . The radar data a c q u i s i t i o n was a long parallel
line's, spaced three feet apart with continuous, measurements along each lime

The radar survey was performed most ly with the SOO-rnHz a n t e n n a to permit high
resolut ion surveying. Lower frequency (80 and 100 nril-Ii.) a n t e n n a s permi t greater
deptiis of explorat ion whi le r e d u c i n g Sfj.atia.1 resolui ion, so was inf requent ly used.

4.1 Mlagnetic (Gradliornetnc) Surveys

The processed g radio metric d a t a are presenied as 1 l " x 17" color contour maps (Figures
2,, 3, 5, and 6,). The coloir plots allow rapid visual a s s i m i l a t i o n of the geophysical
information Tihe contour maps show tlie variation of two pararneiers across the site: (1)
total rnag ,ne l i c f ield (TMF) strength and (2) ver t ical magnetic g r a d i e n t ( V M I G ) strength

Interpretation of t h e g,radiornetric daitai iinivolv&dl identifying the g,ex:iphysical responses,
from surface features rioted by ihe geoplh y si c is t . A few geophysical responses at thus
faci l i ty are clearly due to k n o w n objects, such as bu r i ed u t i l i t i e s , , surface dra.in graies,
discarded ferrous objects, and fences. Mo'st respon'ses could not be expla ined by
observed objects or features.



gradient in Ml p«er meter ( N I V r n ) , standard u n i t s o f m a g n e t i c f l u x d e n s i t y . R e f e r r i n g to
the color contour map of the magne t i c dala, t h e h ighes t value is shown in red in both
f igures , i nd i ca t ing the areas of the highes t c o n e e r i n a t i o n of ferrous objects. The b l a n k
areas , r e p r e s e n t p laces , where data were not collected, for example, adjacent to fences.

The m a g n e t i c Interpretation map 'IA displays, the major f ea tu re s observed at the s ine .
These i d e n t i f i e d anomalies, are nol attr ibutable to a n v , observed sur face features such as,
fences, buried u t i l i t i e s , and discarded materials. A cross w i t hi nan a.mornaJy indicates the
point of h i g h e s t in tens i ty and may serve as a target p o i n t .

Because th i s site contains known different ferrous f e a t u r e s , , it is possible to iden t i fy a
magnetic anomaly as indicat ive of these features, pa r Lie ul a.r I y i f they are defined as linear
anomalies. The Interpretat ion map for the Peninsula area d i s p l a y i n g the r e s u l t s of t h e
magnetic surveys ('see Riga re No. 4 A) show s seve ra 1 k.n own feat ures found af fee I ing th e
rna grid ic data.

No I n t e r p r e t a t i o n map for the Ponds and West of River a rea was generated smce the
rna gne t ic anorn a lues c oul d be acco u nled fo r by nu rnerou s observed s u rfac e ferrous objec t s
such as car par t s , construction debris, and discarded househo ld i t e m s A d d i t i o n a l l y , the
bedrock appears, lo contain fer romagnet ic m i n e r a l s , w i t h a n u m b e r of anomalies d i rec t ly
associated with bedrock exposures.

The magnetic anomalies are outlined on Interpretat ion map 4A. These rnaiked
anorn a l l ies , most of them, include smal l , n a r r o w l y - d i e fined features typ ica l ly associated
w i t h s m a l l , shallow I y buried ferrous objects, that us, the same as the observed discarded
household i tems. The objects iden t i f i ed w i t h an "A" represent those anomalies that
appear lo be s ignif icant The ou t l ine of the magnetic anorn allies was de termined as Ihe
milrninutrn extent of the anomalous response from the total f i e l d data.

N o t e that the sue of the anomalous Mines reflect the area of i n f luence of the geophysical
data. The anomalies represented will be larger t h a n the actual objects producing Ihe
responses. Experience has shown mat an anomaly should be def ined as an anomalous
response m both parameters.

The magnetic m a p s show a strong response in bolh measured parameters ind ica t ive of
buried ferrous objects occurring mostly w i t h i n the northern portion of the s i t e , The
m,ag n e t ic da la clisp lay area s of concentrat ion s o f fe rro u s obj ec ts. The in ag ne tnc data al so
e x h i b i t l inear anomalies, which are due to discreet fealures such as bunec:
c o n c r e t e barriers, and fences.

Gro'u nnjl Penetrating R,adair•b

Ground pe me t ra i l ing r a d a r (GPR) irecoirds obtained nn the f i e l d are time sections. In order

..-'



The objective of perform ing a GPR survey was to try to delect buried drums or IJSTs,
hence the close, l ine spacing of three feet The radar penetration within the overall site
was, excellent with depths of penetration ranging from six to eight feet. Calibration of
t h e radar signal was obtained over M iron slorrn drain pipe w i t h i n the site.

Numerous subsurface objects were detected inc lud ing strati graphic interfaces;,, probable
discarded debris,, utilities, drain lines, and disturbed soils. Since GPR covered a
substantial portion of investigated site, the results of both the g radio metric and radar
surveys are described in the two 'following areas,,

4.3 F'eniirisula Area

Includes the area referred lo at the site, as, the "pen in su l a , " which is ,a lobe of f i l l
materials e x t e n d i n g easterly into a 'wetland in the v i c in i t y of the river channel and is;
included w i t h i n our grid coordinates 60S/1. ION to (1B' 180E.

Ex a ru inat ion of the contour map of total field s t rength ('see Figure No., 2) shows a large-
scale positive ampl i tude magnetic anomaly, ind ica t ing a concentration of ferrous
materials throughout t h e central portion of the airea., Some effect of steel reinforced
concrete barriers and chain!ink fences; are included ;m t h i s ; concentration,. However,, no
otlier ferrous source objects were observed on tlie surface.

Inspection of the vertical gradient map (see, F i g u r e Mo. 3) of the same area shows the
large-scale magnetic anomaly resolved into numerous smaller anomalies. Any of these
smaller anornalies could include one or more steel d rums as ferrous source objects,.

Cornpariso'n, and correlation of rada.r and magnetic data from this aiea have resulted in
an Interpretation map of t h i s ; area (see Figure No,. <I-B). The, 4B interpretation map shows
locations of magnetic anomalies which correspond lo recorded radar anomalies. In
addition, Figure 4B shows several radar anomalies that do not correspond with magnetic
anomalies shown on Figure 4 A,, For lour of these radar anomalies, the character of the
radar signal suggests the possibility of an object with a drum-like radar signal. These
particular anomalies have been designated with the. letter "A" on map 4B,.

4.4 Ponds arid West of River Area.

The magnetic maps correspondiing to this area (sec Figure JN'os. .!i and 6) show the
strength, of the total magnetic field and Ilie vertical magnetic gradient in the northwesterly



and southeasterly sections of UK: area of inves.iigai.ion. The magnetic: maps are similar
in charader lo ihe magnetic maps; of Peninsula area,, above.

The 1 a.rg,e-seale m a g n e t i c anomalies indicate t h e presence1 of a considerable mass; of
fenrorn a k i n e t i c male ri aJ oveir a wide area. The vertical gradient map resolves I he hi r De-
scale anomaly into numerous .srnaJIer anornaJies The northwesterly and soul.heasi.erly
seel ions are separated by a r i ve r (drainage course) and are discussed separately below.

Coverage of the southeasterly section, the Ponds, area, is somewhat IVa g roe nil r.d by l i n e
presence of ponds and marshes. Surface observations, of this area revealed numerous
steel objects at or near the surface i n c l u d i n g aulo parts, appliances, steel cables , eic.
Bedrock outcrops, are presenl in the v i c i n i t y of the ponds .

It appears, likely tinal many or all ol'ithe small f e r rous anomalies in thus sectJoin may be
clue to t h i s sort of ferrous debris located at or near Line surface. However, the possibility
of one or more si eel dnums, cannot tx: discounted. A small section ai the nortlierly edge
of this, area was i n c l u d e d m l.he radar survey w h i c h covered the Peninsula Area. The
results and correlation are included on the iinierpreiadon map of ihe Peninsula area.

Many of the anomalies in l.he northwesterly section, Ihe West of R ive r area., are l i ke ly
due l.o Uie presence of ferromagnetic objects at the surface, i induding c h a i n l ink fences
and gates, steel reinforced cernenl blocks, and nearby v e h i c l e s A magnetic anomaly
centered near our grid position 9SNA4SW was .given particular a l ient ion with the radar
s u r v e y s ; Lhe r e s u l t s , sugges t a group of iron iremforced d ra in pipes as Ihe source object

The r e s u l t s of the giradiornelric and ground penetrating, rad ax su rveys con duel e-d at this
facil i ty indicale responses f i rom known surface ferrous objects, buried ferrous objects,
buried debris, dislurbed ground, and shallow bedrock. Boi.h Ihe total f ie ld and vertical
magnetic gradient conl.oi.nr maps aided in Ihe general ion of i interpretation! maps of buried

Ground penetrat ing radar dala of very g,ood q u a l i t y were col led ed across the surveyed
area. The overall depth of penetration with GPR al t h i s site averaged six lo ei,g,hl. feel.
The GPR survey located subsurface features indicat ive rnanrnade objects, responses
associated with small cylnndrica.1 objects (designated as "A" anomalies), areas o(
disturbed ground, and interfaces; indicative of placed f i l l .

The subsurface complexi ty of the surveyed area, due lo tine burial of many discarded
objects; and shallow bedrock, conl.ro! the identified m a g n e t i c and radar anomalies.
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APPENDIX C

BTEX-in-Soil Test Kit Calculalion Forms



Date:
Time:

Operator
Assay Calibrator

l-'hotorneter

1/18/9!'
IToo

Firojed stf
Project Name llnciustri-PJex Site

A Far re 11 Project Local ion: Woburn, MA
TotaIJTEX in Soil

i ore bifleireniiiai Photometer

Sampielb

Meg Calibrator
10 ppm Calibrator
50 ppm Calibrator
300 ppm Calibrator

SB A2 /2 -4 '
SB A2 M--6"
SB A2 /' 6-8"
S B C 2 / 2 - 4 1

SBC2 /4 -6 '
S B C 2 / 6 - 8 '
SBC2/6- f l 'DUP
SB E 2/2-4'
SBE2/4-6 1

SB E4 / 2-4'
SB B<\ 1 4-6'
SB G2/2-4 1

8BG2M-6'
SBG4 /2 -4 1

on
0.85
0.41
o.tii
0.09

0.87

0.59

0 28

0 85

0 78

0.87

0.80

0.82

0.69

0.68

0.37

0.82

0.66

0.79

) (450nm)

0 84

0 42

0.17

0.09

0.86

0.60

0.26

0.65 i

O.BO

0.86

0.80

0.82

0.70

0.6 S3.
0.38
0.83
0.67
0.80

D.84
0.41
0.17
0.09

0.86
0.60
0.26

I 6.85
0.79
087
1)80
1)82
0 68
i:i i:ii:l
1)38
083
0.69 ,
0.60

AV'G. OD (450nm) % Bo

100.0

49 0
20 6
10.7

102.4
70. 6
31.6

100.8
93.7
102 8
94.9
97.3
81.9
80.7

PPM (ill TEX)

1
10
50

300

0
3.7
26
0

1 .3
0

1.25
1.15
2.3
2.4

44.7 12.5
79 9 i
98 il
94 5

2 5
1 1

1.45

A VG. OD ( < t S O n i r n ) % Eki == OD (> ISOr irn) Sample X/OD (4Si[lniin) 0 ppm Stamdard
"•Nfegadve ca libra) or == Opprai, however it nnuiM be plotlctl as a value of I on the sernilojg graph.

1000

<>;,



Date:
Time:

Operator:

11/19/97 Project*: 06626M15

ssay Calibrator: 1 o : a 3 T ; > ( iSo i

Sample it) ] Ob(450nmj

iMeq Calibrator
Id pprn Calibrator
5( i pprn Call brator
.300 pprn Calibrator

SB A4 / 2-4'
SB M I 4-6'
SB E3/2-41

SB [I3/4-61

SB CJ/6-81

SB f '2 /2-4 '
SBT2M-6'
SBTG2 12-A'
SB FG2 / 2-4' DLIP
SB FG2 / 4-6'
Si:J 14 / 2-4"

0.95
0.45
0.20
0.06

0.85
0.69
0.90
0 20

0.95
0.42
0.19
0.07

0.84
0.69
0.93
0 '20

ii.ei j
(1.87
(1.28
0.89
6.86
0.55
0.89

SB M3/2-4' 0.19
SB M 5 / 2 - 4 1 0.83

0.62
0.88
0.27
0.89
0.87
0.57
0.89
0 17
0 83

095
044
I), 19
0.06

0 85
0.69
0.91
(1. 20
0.63
0.87
0.27
0.90
0.87
0.56
0.89
0.19
0.82

AVG. OD (450nm) % Bo PPM (BTEX)

1000
46.0
20.4
6.7

89. i
72 6
96 1
21 1
65 3
91 9
28 8
94 0
91.2
58.9
93.7
19.3
87.0

1
10
50

300

1.6
3.2
1.2
47'
4.4
1.4
30
1.3
1.5
5.8
1.3
60
1.8

AVG. OD (43()innri) % I3o ~ OD (45()nnn) Sample X/OD (<l SiOrirn) 0 ppirn Standard
e calibrator := : Oppirn , however il murt be plotted as. a va lue of 1 on l\\e. senriilog graph.

1000

100

110

I i
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Date: 11/20/97
Time: 17.00

Operator: A. Farreil
Assay Calibrator: total BTEX in Soil

3roiecl#' 06626M15
:'roiect Maine: Industri-Plex Silf:

Project Locc-ilion: Woburn, MA

Photometer: Mil!ipore DirferentiaI Pholometer

IRes Life

Sample ID
Meg Calibrator
10 ppirn Calibrator
50 pprn Calibrator
300 pprn Calibrator

SBC6/2-4'
SBC6/4-6*
SBE6/2 -4 1

S B E 6 / 4 - 6 1

SBI6 /0 -2 1

JIB K4./2--4'
JIB L6/ 2-4'
JIB L6/4-6'
55BL6M-61 blJP
SB M 2/2-4'
SB M2M-6'

01:
0 87
041
0 1 8
0.05

061
0 82
0.83
0.81
0.86
0.75
0.50
0.75
0.75
0.52
0.36]

) (450n
0.87

0 4
0.18
0.06

0.61
0.82
0.81
O.B3
O.B8
0.74
0.51
0.76
0.77

I 6.51"
0.39

rn)
0.87

0.4
0.18
0.06

0.61
0.81
0.82
0 84
0 86
0 73
0 52
0 74
0 75
051
0 37

AVG. OD(450nm) % Bo
100.0
46 4
20 7
6.5

70.1
93. 9
94.3
95.0
99.6
85.1
58.6
36.2
87.0
59.0
42.9

PPM (BTEX) ,

1.0
10
50

300

3.6
1.3
1.3
1 25

1

1.9
5.3

1.85
1.3
5.8

125

1IXKKI

ROUX ASSOCIATES, INC.



Date
Time.

Operator
Assay Calibrator

:'rojecl n 06626M' b
•Yoiect Name Indusitn-Plex fciite

Project L ocsil ion Wobuirn, Mf

Photometer MiIlipore Diffeiremtial Flholometeir

IP! exults

Sample ID
Meg Calibrator
10 pprn Calibrator
50 pprn Calibrator
300 ppnn Calibrator

SB DA) 2-4'
SB D4/4-61

SB D6/2-4'
SB D 7 / 2 - 4 1

SB E5f2-4 '
!>B E6/2-4 1

!>B E7 /2-41

J5B E7 /2-4 ' DUP

oi:
0.82
0.41
0.18
0.05

0.51
0.77
0.56
0.32
051
047
I) 80
1 )71

)(450r

0 82
0.4

0 1 8
0 06

0 49
0 78
0 56
0 33
0.52
0.47
0.80
0.70

mi)

0.81
0.4

0.1B
0.06

0.51
0.77
0.55
0.32
6.52
0.47
0.80
0.69

AVG. OD (450nm) % Bo

100
49 4
22 0
6.9

61.6
94.7
68.2
39.6
63.3
57.6
98.0
S15.7

PPMlBTEX)

1
10
50

300

5.6
0.6
A
19
5.5
7

1.2
2

AVG. OD ('lSC)nm) % Bo == OD (430nm) Sample XtOD (4SOrinri) 0 ppirn Standard
c c e i l i b i r a t o t ==: Opprri , however i t ran:;I be plodtcd a:i a va lue of I on llie sermlog giraph.

100
LLI

U)

ej-lt-! * ' .***''i^' I "'"irs ' c' i '" "N*^1-
::. t ~ ",;: -.p(:''riv ":w?ia«;i!
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«; American Environmental Network

iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii
Mr. Larry McTiienun
Ron A Associates
13 EJ r anch Street, Smite 13
Mcthieu, MIA (JI1S44

Please find enclosed rhe ana ly i i ca l r e s u l t s of I lie sannple(s) red: iv :• d ;ii our laboi rarory on November I E ! , l iW. Tliis repoirl
contains section.! a d d r c s s i m ; the fol low LIU; mtomut ionia l a minimum

Copies of I h i s analylical report and supporting data are iraintained iin our (lies Ibr a i n i m r n u n i i ol"3 years umles.i spccinl
iU[ n m,c : en i e in s a r c made U n l e s s spec i f ica l ly imdicated, all f i n - n l y t i c . i l testing w is perfuirrned at i t l i i : lEA-MIassiuliuseits
l i i ba ra io ry .

V/e appreciate y o u r se lec l io in of our services and welcome any q u e i t i u n s or sup^esuuns you nuy have re la t ive to I h i s ,
report . Pliirise com,LCI v o u i cusfoniier vs'rviice r r p n : s e n t a l i v c at ( ()78) 667-1400 t'ur any a d d i t i o r u i l inConiutian. l l i ;mk>ou
l u r u i i l i d l i n g o u r se i r \ ic i ;^ amJ we hope you v , i l l consider us fo r y o u r future a i u l y t K a l n e e d ^ .

1 have rev iewed and approved tlis enclosed data forltinal release

Michael F Wheeler, Ph.D.
Laburaroiry D i r e c t o r

I1::A/American E,nviironnieiit.!il Ne twork (MA)
MA-DIE:P //VIAO-iii

MW/dih



A EN •• Massach use tts

Analysis Report: EPA Method ,824013

Client
Project
Report Dale:
Col lected-
Received:
Analyzed

By: '

1
7

3
'I
!i
6
7

I .-i
14
15
16
n
lii
l ()

20
2!
22
23
24
25

28
29
30

R.OUX Associate.5
06(>2<iMi:>

I 1/21/97

11/18/97
111/18/97

11/20/97

WJG

Benzene

Broirnodio riloroniielhane
Brornofo'irni
Bromomeithaiii:1

Carbon letrachloirhle
Chloroberuene
Criloroetharic
2-Chloroeithylviiriyl ether
Chloroform
Chloro methane
Dibroiiriochlororne th are
II ,2-Dichloirobenz:ene
l,(;i"Didil!oiroberm:tie
l,4--Dii:Horobenzene
1,1-Dichloroelhane

1,2-Dichloroelhane
1,1-Dichloroethent :
c is-1,2 -IDicblorocl lie ne
Iran s • 1,2-D ichloroeitlKine
I,2-Dit:hlort)prt)|:i;irie

<:is-l,,!l-Dii:hloiroproperie'
I rains-1,3 • Dichlotopropene
Efhylbenzene
Methylene chloride

J.J^J^I-Tetraclil'oroethane
Tel'tachloroetheiu:
Toluene

1,1,1-Tridiloiroelhane
1,1,2-Trichloiroelharu:
Tr icliloroe thene
TV ilch loro ifl uor orrie tli an e
Vinyl chloride

A Ei M 1 D: R 1 1 9 -0'! 5-
S,irn p le: SS- E'l/'l -6
Type. Soil
Container: Glass

Dilution Factor

PQL
u,g/kg (dry)

7
7
1

H
1
1

14
7
7

14
7
7
7
7
7
7
1
1
1
/
1
1

7
7
7
7
7
7
7
7
7

M

01

1 4

Result.
ug/kg (dry)

BQL
BQL
EQL
BQL,
BQL
BQL
BQL
BQL
BQL
BQL
BQL
BQL
BQL
BQ1-
BQL
EJQL
BQL
BQL,
BQL
B Q t.
BQL
BQL
13'QL
BQL
BQL
BQL
BQL
BQL
BQL
BQL
BQL
BQL



A1E:W • Masis.acfius.erts
Analysis, Report EPA Method 824013

Client K.OLK Associates, AEM ID: Rl 1 9 - 0 7 5 - 0 1
Prqje cl. 06(i 26MI .> Sj rn pile SS- E 4/4 -6

PQL Result
Number Compound ug/kg (dry) ug/'ks;(dry)

Other TCL Compounds;:

33 Action? MO BQL
34 2-Beta none I'M E1OL

Caibon disulfide
1,2-Dibiromoelhane
2 • Hi: xanon e
M ethyl-t-butyleithfr

Siirrogate Standard Recovery
I ;!-DicliloroetlHine-d4 87 %
Toluene-dit 84 %
Bromio[luoroberi,ienie 79 %

Co mine ril s,:
PQL == Piactical q ua ril it at ic n limit
BQL == Below c|i.ianlit:Llion limit
Dilut ic n l':it:i or aciju s ted for moisl Lire contenit of sarmp Ic

li Vrc ports^ form<,\dconiw inAMSF 1090!! MA Page 2 of 2 Friday, November 21, 1997,2:50 PM



AE,M • Massachusetts,
Analysis, Report EPA Mid hod 8'MOEl

Client. R.ou»: Associates
Project: 061J26M15
iEiepont Date 1 117.6/91
Collected: 1 l/lil/9''
Received: I 1/18/97
An alyaed: I 1/21/97
By W.IG

A EN ID: Kill 9-0 75-02
Sample: GW--C2
Type: Water
Con ta in er: VOA

Dilution Fad or:

4
5
6
7

15
16
17
II?
19
20

26
27
28
29
30
31

32

Benzene
Biromod ichloro rn ethane
Bromoform
Bromornethane
Carbon lelrachlonde
Chloroberuene
ChloroelJharie
2-Chloroeitliylviinyl ether
Chlorolbnn
ChlonniiielhariG
Dibromochlororn ethane
][,2-Dichloic>beni;:eiri<:
1 ,!!-Dichlorobeni:ene
1,4-Dii: h loroben zene
1,1-Didiloroei.hanc:
1,2-Dic h Ic rod hane
1,1-Dich'loroeihene
cis • 1,2- D ichloroethene
itrans,-1,2-Dic hloiroelhene
1,12-Dichloiropiropaiie
c i s - I ^ J -D ich lo rop rope r i e
Vtani-l.-l-Dichloropiropein!
Eithylbenzene
MIclhylene chloinide
1, 1,2,2- Tetrachloroelhune
Tetrachloroeithifine
Toluene
I,l,l-Trii:hlc)roethinie
1,1,2-Trichloroetiha.rie
Trichloroethene
Trich loro'El uororriethane
Vinvl chloride

Result
(ug/L)

BQL
BQL
13 Q L
BQL
BQL
BQL
BQL
BQL
BQL
BQL
BQL
BQL
BQL
BQL
BQL
BQL
BQL
BQL
BQL
BQL
BQL
BQL
BQL

BQL
BQL
BQL
BQL
BQL
BQL
BQL
BQL

h \reports\ form s,\clcon w in\M[SF10a02. MA Page I of 2 12/01/97,16:3 I



A EN • Massachusetts
Analysis Keptirl: E PA Meihod SIM OB

Olher TCL Compounds:

Acetone
2 - E l u t a r i o n e
Carbon d isu l f ic le
1,2-Dibrornoetriane
2 • He KS none
M ethyl-l-bm:y lei t i e r
' l - M e i t h y l - 2 1 - p e r i l an one
Slyren e
V i n y l Ace ta le
Xylenes(Tota l )

F'QL
(as/I

30i
30 i
I 0 i

•)

251
2.

251
2.

2 SI
'2.

R.es
) (ug,

1 BQL
» BQL
1 BQL

BQL
BQL
BQL
BQL
BQL
BQL
BQL

Surrogate' Standard Recovery:
1 ,2 -Dic l i lo roc i tha i i ' r -d ' l 95 %
Toluene-di! 103 %
Bromoif luorobcnzene 1 10 %

Cornmerils:
PQ'L ~ Piacl ica l quant i t auon l i i r n i l .
BQL =" Bel ow quan ti tal ion l i rn i l .
Quant i la t ion l im i t elevated due to 'sample d i l u t i o n p r i o r to ana lys i s .
D i l u t i o n due to sample fo ,3 ru ins ;
IB == Compound i n blank

li :V.repori5\foiTiv;\di: onwinVM'S E: 10802 .Ivl A Page 2 o f 2 12/01/97,16:31



Client K o u x Associates
Project 0(i626M13
IRepon Dale- 111/26/97
C o l l e c l . ? d . 11/18/97
Received: 11/18/97
A milled: 11/26/97
13 y WJG

Ku rn her

1
!!
3
4
!i
6
7
&
9

1 0
1 I
I!?
1 3
M
15
16
I ' /
111
l ( ?
20
'2 1
!22
2.J
2'1
23
2(5
Tl
28
29
30
3 1
32

Compoun cl

Ben z:ene
Bromoci ichlorornelhane
Bromolbnn
Bro mo rni el bar ic
Carbon t e t r a c r i l o n d e
Chloro tie ri.z E:IK'
ChlorG'f thane
2 - C h l o r o e l h y h ' i r i y l el he r
Chloro form
Chlorortu'thiine
Dibromochlorornelhane

,2"Di i :h lorofc ' ?n eerie
, :!"Didiloiroben2:ene
,4-Dii:hl()]roben!:erie
, l - D k h l o r o e l r i a r i e
, '2 -Dicr i loroe l r ia r ie
,1 -Dich l ' o roe lhe r i e

i : i s - l , 2 -Dich lo ioe thene
I t a n s , - 1 ,2-Didr i loroelr ier ie
l , :2-Dichloroprop:i[iis
c i:»- 1 ,'.] • D ichloi opropciric
1 1 an s- 1 , 3-Dictil oropiropenc

Methj ' lene c h l o n c i e
I1 l ,2, :2-Terrachloro«' lhane
Tetrachlorocthens:
Toluene
1 , 1 , 1 - Trie ri l oroel rw rie
1,1,2-Trichloroelt iar ie
Tricl i loioe theme
Trichlotofkioiornetharie
V i n j l clilonds:

PQL
(ug/'L)

5
S
5

10
5
5

10
S
!.

10
!i
3
5
5

5
3
3
3
3
3
3
3
3
3
3
3
3
5

10

Result

13 QL
13Q1L
SQL
I3QL
BQL
DQL
BQL
BQL
BOL
BQL
EIQL
BQL
I30L
BQL
BQL
BQL
BQL
BQL
BQL
BQL
BQL
BQL
BQL
BQL
BQL
BQL
BQL
BQL
BQL
BQL
BQL
BQL



PQL =:: Practical quant i ta t ion l imi t ,
BQl, == Be lo%vquan t i i t a t i on l i m i t .

Acetone 100 BQL
:M:!ulanon<: 100 BQL

}3 Carbon di.s,ulfide 20 BQL
}6 1,2-Dibronioeitliane 5 BQL
37 2-11 E:X an one 50 BQL
38 MecIiylk-butylleUicir !> BQL
39 4"M«:thyl"2-p<:nUinon(: 50 BQL
40 Styirerie !> BQL
41 Vir iy l Acetate 50 BQL
42 Xylenes (Total) 5 BQL

Surrogate Standard Recovery:
l,2-Dich]oroel.hane-d4 106 %
Totuene-dS 100 %
BromofluoroberizeTie 1116 %



A E : M • Mas sachu ;e tl s
Analys is , Report: EPA Mrthcd 82'1013

Number

I

9
10
I I
12
13
14

20
21
22
2- .
24
2!i
26
2 7

Compound

Benze ne
Elrornodichlorornelhane
PA ornofo rrri
Ek ornonie tli EiiK'

rbon l e l i r . j : h l o n d e
I 'h lorobenzene
: h IQ roel hane

2-ChIoroe thy i lvm) ' l el heir
Chloroform
ChloromeihiUic
Dibroirnochloronielhane
l,2-Di(:hlo[obeii;:en<:
1 ,3-Di ich lorobenzene
I ,<t-Diic :hlo[obE:nzene
1 , 1 -Dich loroe i lnne
1 , 2 - D i f l i l o r o e i h a n e
[ , ' l - D i r h l o r o e l h i : n e

( : i s - l , 2 - D i c h l o r Q e t h e r i e
trans- 1 ,2 - lD i i : h l a i roe lhc i ru :
] [ ,2-Dn:hlc i ro[] i ro | ]ELi i« '
d s • 1, > Dichloropro pent:
trans- l ,3-Dii :hloiropiropi :r i ( !
Elhylbenzcnc
Methylene c h l o r i d e
1 ,1 ,2 ,2-Te t rach loro i r than ie
Tel rachloi oc tli E'n s
ToillK'IK'

I.l.l-Trichloroelharie
] , l ,2--Tni:hk)roE:l lhii ir i( :
'I r icriloroelrieine
Tinichlorof l i io iome thane
Viny l chlondE!

PQL

S
5

10
S
b

SQL

BQL
BQL
BQL
BQL
BQL
BQL
BQL
BQL
BQL
BQL
BQL
DQL
DQL
DQL
DQL
BQL
BQL
BQL
BQL
BQL

BQL
BQL
BQL
BQL
BQL
BQL
BQL
BQL

I I



Cl icnl
Projc ct

Olher TCL Compounds,:

AEN •• i
A n a l y s i s Report: EPA Mrihod S!2<1[)B

A EN ID:
Sample:

PQL

33 Ace tone
34 2 - B u t a n e in?
35 Caition disulfide
36 1,2-Dibromofthar ie
3 7 2 -He Ka rion s
38 lvle(hyl-- l -but>l<:i .her
3 E> 4 - ]V[< : i :h j / ] -2 -pen tanone
40 S S t y i e n e
41 V in y I Ace ta te
4 2 Xj ' lenes(Tol :Ll . )

Method Blank

(ug/L)

100
100
20

Surrogate Standard RE;<:OVETV

Cornmenls :
PQL == Prat:lic2il quant ilati an lirrint.
BQL == Below quantitJtion limit.
Cc nre s pondi rig Samp les RI 19 -0'' 5-02.

h \repoiri sAfotm s''dc:on win\M SJ F10802 .M A Page 2 of ? I2 /01 /<) '7 , )6 :32
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<: American Environmental Network
149 Elarig<:*,:iiy Road • N Bil lenca, MA01862 • (9V8,1 66'1 • 1 <1(X) » Fa<. (978) ( 5 6 7 - V 8 7 1

Illllllllllllllllllllllllllllllllllllllll
M r. La nry McTurnan
R O U K Associates,
13 Branch S t r e e t , Suite 13
Met !men , MA 0184-1

Plea<e f i ind enc losed Hie aiMlytiical re.iulis, of H i e s ample (s) receu'ed ar ouir labor,i to ry on November 'M, 1997. Tlus repor t
cc in-lias . sect ions addressing die fo l lowing information ait a imiim rnun i:

ii sample ID correspondence tab le n cliain-of-custody ( i f applicable)
ii anal y\ KM I re s ul ts u de llm tkms of dat A quali tiei s ajud le rnitnology

Copn:s, of t t u i analyt ical iqiort and snpponiirij; d'sita are imintamcd in nui'::i.:::; foi a minimum o f 3 years unles'i <;pa:iril
a i iSLi igeraen i i arc rnadc Unless S[n: : i i f ic?[ l l j ' indicated, all aiyl>nc,nl itesluu; w n s perfonnifd at i l i e lEA-MIassjicliusei 'ts
laboratory.

We app rec i a t e your se led ion o f our services ;u«l ivelcome any question.; o r su,[:gcs,tion.i you may have rebti ve (0 t h i s
report. Please conract your c u s t o r n e i service represenitiilive ait ('378) 667 1-100 for any addit ional iii-forrmdion. T'lunk you
f o r unli.!in,[; our sc rv ic fs i and we hop? you wil l consider us for y o u r lijiure ' i iwlytic ' i l needs .

M i i - l i a e l f . Wheeler. Pli D.
Liboiritory Direc tor

1 E/VAn lenc an Env ironmeiital Network ('MA)
ivl A -DEP ,(fM ACCl 8

h \ri:poirt!i\rLi[nas\clc'[)[iwiir^rfi[I)0101 .ITU U / I O / ' S ) , ! :>'' prn



Cliienl
S a m p l e II)

CiW-ER

G W--F3

Trip Blank

SS -E6I2-4

SS-K'2-4

SS-F2/4-6

SS-M2M-6

GW-E6/F13

GW-FG2 ' ,F ,0

IEA
Siiiinpli: HE1

R l ! 9-076-01

R.ll9-076-ri2

R.I 19-076-Ci:!

Id 19-076-04

R l l9-()7(i-05

R ] 19-076 -(16

R l 19-076.07

R119-076-(l.:l

R119-(r!6.()9



.SU13C 0 MT Fi ACT/1 MT E RI..A.BG RAT OR V N OT IF 1C AT 10 M

A E M - 11, EPA

I t 'you have any question.) please cfill your dieril service irepreseintaiti'.e.



13 • ThiiSi flag is used when llie anal>te is found in the associated blank a s well a;> in the sample. Ii indicaies
possible/probable blank conlarninaiion and warns, the daia user to use camion when applying, Lhc ire stilus of
Lhis Einalyle.

13QL • Below Quajruiiainoin Limit indicates llie compound was not d e t e c t e d in the sample above the pract ica l
quanitiitaiion limut

D - Indicates llie compound WAS diluted below l.h<: calibration range.

1 • Ind icates an estiimaied value. The compound is determined K) be preseni iin (lie sample based on GC/MS
criteria, bin uhe aniou.nl i'i less than llie sample (juantitalion limit. IE A - MA GCYMS te ports doi nol lypically
re|>orl J - nnaiked results. If tequesied,.) •• niaikecl resulis, an? provided and tbe report flagged lo verily thai
the data was, appropriately reviewed.

MDL -• Th 2 rnethcd detecition liniii i s dsfim?d as the iriuniunura concern ration of a isub'Siance that can l>? imeasurrd and1

iepori.ed with 99% confidence thai the anail;/te concentration i s greaier than zc to

MA • Noi applicable or nai available

MD • Indie ales i.tie coirnpoundi or analyie was not detected in I tie sample above itbe method detection limit o r the
practical q.i;i:iiii:itic:i Innii. for I.tie panicular atiadysis



Cluloi obenze ne

,4-Di(:tilt)rot)eri. 'enc
E i h J b c n i e u e

X>leiries (Toiall)
M s : i h > - ] - l - b u t > l c i t l i c i

Sinn ogatc i5 t;i nclaird P ecoi c IT:

,•1 • D i f l i ic tobcn zcnc

PQL == F r a c l i c ' i l c]ii;i nl il ;il 10 n l i n m i
13QL :: EJclovt (i ii.i n t i ta l ion



AEM • Massac husel ts
AnaiK=ii:> Report: EPA Method 8020A -Volalile A ion la tics

Clien t .
Project:
Report Date
..ollecited.
Received.
A r i a K z e d .
By

Number

[
2
3
4
5
6

r
• >

i )

Roux Associates
0662i:.M[lS

1 1 j "» i jri'i1 1 1. \ t j i
\ I/ .M/97
12/01/0';
L S B

P 1 10 1 ily Pol In t i i i r i l Compounds

Benzene
C h l<3 lobenze rie
1 ,2 • Diichlorobenzene
1,3-Diichlorobenzcnc
1,- l -Dnchlora benzene
Elhylbeirizene
Toll lene
Xylcnes (Total)
Meth', l-l -bun lei h e r

AEM lEi
Sample
Type:
Qmt.Tuiei

D i l u t i o n Fai

P<;?L
(uy/L)

200
200
200
200
200
!00
!0()
too
too

R l 1 '5-076 -02
CW-F3
V/ater
VOA

:tor:

Result
(llg/1.)

BQL
BQL
BQL
BQL
BQL
BQL

BQL
B O L

Con mie ni's:
PQL ::: Pract ical qiiaritiitiitioa lirnil
BQL -'• Belt)\v quaulilalKHi limil..
Qiiainlilalion limit elevated clue ito sample dilution piioi to .-i
Sample diluted clue I o tuigli co riccnitral ion o f target coniponnd.5 p resent



Cl ien t :
Ptojcd:
Report Date- Jl/01/97
Collected: 1 I / IS /97
Received: 1 \I2-\I91
Arei lvz:ed: 1 l / ; i '? /97
Bv ' LSB

A£N-
Analysis Report: EPA Mel hod !i()!OA - V o l i i t i l c Aionui t ics

Rom: Associates A E : N I D R I I
SJample T r i p Blank
T\ pe: V/aiter
C c n l r u n c i : VOA

4
5
6
7

Sunrogalc ISlandardl

1 4-Diflluorobcn.z.cne

B cnize ne
Chloiobenzcnc
l (2-DLchlo1robcn.iei ' ie
1 , 3 - D L c h l a r o b c n . z e n e
l . - l - D L C h l o i r o b e r L z s n e
li ' thj ' ] benzene
Toluene
Xyl cries (Total)

BQL
BQL
BQL
BQL
BQL
BQL
BQL
BQL
BQL

83



AEN • M
Anal; sns, R spoil E PA Method SO 20A • Vol.nti Ic A i aiui ti ::s

Clienl I R o u ' N Associates
Pro jec t 1.1(5 6 ?(i Ml 3
IRcpoir l Date 12/09/97
Collie d sd
R fee iv sdi
Anal V2sd'
i;u- ' IL

1 l / 2 (
1 l/.!4/')7

A E N I D
i5 'in iplc
Ti pc

R. 1 19- 07(5 -0-1
SS-E6/2-I

Glass

Dili it i o n Fad or

PQI- Re 5 ill 1
( i»g/l<g dry)

Coinrric n'ts
PQL :: PiMic'lical ( j u a r i l i i a l i o i i l i n r n t
EIQL :=: Elclov. [ j i i a t i l i i a l i o n i l i m i i l
D i lu i ion fa<: tc r adji isicd lor tn 31 s li n e c onteiU of sample

h \i epori iMbn ns\dc onv* in\GCK 10700 MA Cage I c f 12/10/97, 09 30



AEN •• Mlassjicluisetls
Anal ;'si s> Report ]•• PA Method SO.2:0 A - Volati le A loiuatics

Cl i<: rit: Rou.\ Assoc ia tes
IPirojecl 0(562(5 M I :J
Report Date 12/09/97
Co Heeled: 1 1/20/97
Received: 11/24/97
Analyzed: 12/03/97
By: 1L

AI:M ID.
Sdi in p i e
Tjpc:
Co tiKii tic r

D i l u t i o n Fa dor:

R i l l 9-0 76-0.5
SS-F2/2-4
Soil
Glass

PQL R.CSU! t
(IH;/IC,E; dry)

BQL " Ik low q i i a n l i l a l ion Inn lit.
D i lu i i on fnctoir adjusted for n io is lu i rc con ten i l of sample

li \rcpc itsUbi niis\dcon wniiAGC F10'/OO.MA Page 1 ol" I I 2 / 10/9V, 09:30



Client.
Project:

AEiM •• Massachusetts
Analysis Report: EPA Mel hod 802'0 A -Volat i le Aiomatics

Rou\ Associates
06626M1S

AEN ID
Sample
Type:
Container:

Rl 19- 07(5 -06
SS-F2AI-6
Soil
Glass

Mi umber Pi ior ity Pollu ta nt Coi iipound s

1 Benzene
2 E-thj'lbcnxene
:i Toluene
4 Xylcnes (Tol al)
:i Melhyl-l-tuitjleilier

F'Q'I-
(i ig/!< i; cl ry)

11
2
2
2
2

Result
(ug/'kg dry)

SQL
BQL
BQL
BQL
BQL

PQ1!., == P raci ical (iina rititation, liniul.
BQL ::= liiclov, quanti'tailiorL liriul.
Dilulion factor adjusted for moisture coirilenit of sarnplle.



AEM •• Massaduise'tlj
Ana lys i s Report: EPA Method 8020A - V o l a t i l e A tornados

Roux Associates;
Jrq|cct 06626M1..5
Report Da te 11/CW9V
Collected: 1 l.'20'W
Received: 1 l/MW
Analyzed: 12/03/sn
13 v: IL

Nu rmbcr P , r n o nily Pollutant Compounds;

1 Benzene
2 ll'tliylbe rctene
3 Toluene
4 Xylenes(ToKil)
.5 Meihvl-1-butvlel.lier

PQL
(ujj/kg

Rcsu! t
(ug/kg d ty)

BQL
BQL
I3QIL
13 QL
13 QL

Comnne tuts:
PQL ::: Practical quatii.ital.ioii. l i m i t .
BQL '•- Below qiuii i t i i tat ion l i r n i i l
D i lu l ion fac i to t adjuslcd Tor moisture conlent of sample.



Client:
P rojccl:
Report Date:
Collected:
Received:
Ann lyzed:
By. '

AEN •• IVIiissachusc tl s
Analysis Report: E:PA Method 80.20A -Volatile Aron,iaiLics

Koux Associate s.
06(5 26M 1 3
\2IQW1

i

AEM ID Rl 19-0'76-OS!
Sample GW-Efi/Flll
'TV|x:: V/ater
Co til ainet VOA

.,2 • Di chlorobenzc rie

.,3 - Di chlorobenize rie
l.-l-lDiclnlorobeiizciric
!::! hylbenzcnc
Toluene
Xylencs (Total)

l-t--lniU-lctlu:ir

Ssuirrogalc Si arid,iird Recovery

],-l-Di[]uorobenzenc:

BQL
SQL
BQL
BQL
BQL
BQL
BQL
BQL
BQL



A£K»M[assacliiusctn
Analysis Report. EPA Mel hod 8020 A - V o l a t i l e Arcmutncs

Chenl: Ron;; Associates
1'reject 0 (>62 ( JMI :>
] i.eporl Dal e: 12/02/9 7
Collected 11/20/97
Itreeiu-d 11/24/97
Analyzed 11/30/97
By: LSI3

Nuirnbcr

1

Priority P o l h i l . i n t Compounds;

Benzcru:
Chlorobenzcne
1,2-Die h lo roben zene
1 ,3-Dich lorobcn i . en ie
1,4-Dichloiroben.zene
E thylben ziene
Tol ue ne
Xyleines (Total)
Mel l iy l -1-but>lc t l ic r

Surroigate Stariclarel Recovery:

1,4-D ifluoirobc n z:ene S-l %

C orn rn en is
PQ1!.. :: P i ra id ica l qua in l in i i cn l i m i t .
BQL :=: Belcnv [|ira m i l a l ien

PQL R e s u l t

BQL
BQL
BQL
BQL
BQL
BQL
BQL
BQL
BQL
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APPENDIX E

Giroumd-Water Analysis Report Prepared by
O'Reilly,, Taltxjl: & Okuii Associates., Inc.



O'Reilly, Talbot & Okun Environmental " Safely •• Heallh » Gaatechniccjl Engineer ing

Decembers, 1997

Ann Farrell
Ron x A ssoc i i\ tes
13 Branch Street

Dear Ann:

E n c l o s e d is a s u m m a r y ireporl f o r the on-site analytic:,:!! \vork con due led by O ' R e i l l y , Talbol &
Okun Associates , Inc. at the I n d u s t r i p l e x Site. Shou ld you have any quest ions; or comments,
please c o n t a c t me.

Sincerely,

t?\>>

James G a n n o n , PE, LSP
Sr. Environmental Specialist

293 Bridge St ieet" Suite 500 » Springfield, Maissachusetts 01103
Phone (413) 7SJi=l-(J2;?;i • RIK (413} 7SEl-ii830 - l i = - M a i l oto413<8>aol.corn



O'Reilly, Talbot & Okun Einvironmental » Safely •• Health « Geolechnical Engineer

SUMMARY RE PORT

; RO UND WAT E R n E A DSP AC E SCR n EN i NG
INDUSTRIPLEXSITE

\YOBURN, MASSACHUSETTS

Bridge Slreel <• Suite !>[)0» Slpringlield, Massachusetts 01I[)3
F'l-ione (413) 7f38-6;?22 » RJIK (413) 7B.EI-91-130 » E-Mail olO'ri,:i0iJolct:rn



CR 0 UN D\VA TER H EA DS PA C R SCR E EN ING
[NDUSTRIFLEX

\VO BU RN, MA SS AC li US E T TS

O ' R e i l l y , Tei lbot & Okun Associates, I nc . was h i red by the Indus t i r ip lex S i ie Tinusl to conducl
he ad space screening for the presence of benzene and toluene in ground \vatsir samples collected al
the I n d u s l r i p l c x site located in Woburn, IVIasstachu set ts . GioundwEiter samples were col l eel ed
u t i l i z i n g a Geo probe technique by Roux Associates The samples were E I n E I l y , z e d for lbcn.zene and
toluene u t i l i z i n ; : ; a H e w l e t t Packard gas chroma tog raph, a del a i led d e s c r i p t i o n of the Euia ly l ica l
protocol is presented in the following seetions. The test ing \va-i concluded on N o v e m b e r 19
tl i ro u e,h N overnbe r 22, 1 9 97.

A n a l _ j t i c a l results are p resen ted in Table 1. The ground vrater sample local ion,:; arid des ignat ions
v ,e re provided by ROIP; Associates



TABLE I
ANALYTICAL RESULTS

CON CEN TRATIO NS LN GR 0 U N DWAT EII

DATE:
SAMPLE DKSIGXATIO1N

1 It 19/9 7
GW-C4
GW-A4
GW-E3
GW-F2
GW-I4

GW-M3
GW-M5
GW-FG2

1 1/20/97
GW- C6
GW-16
GW-K.4
GW-L6

GW-M2 (18 ' )
11 /21 /97

GW-D4

GW-G3(131 - I5> )
G \V-F3f 24 '-2 5 'preserved)

G W • F3 { 2 4"~: ! 3 ' unp test: rved )
EJJA-I
ESA-2

11/22/97
GW-M2(25')
OW-fv1 (?JS'|

GW.-F2i(2:>')
GW-E3 ( 2:>')
GW-. ]2( [4" )

1 GW-EH tm'j
NfD ::: notdetecled
De led ion 1 i tin it ::: 2 3 pig/1

BEtVZENE

ND
ND
ND
ND
ND
ND
ND
Kib"

ND
ND
ND
rVD
ND

ND
ND
ND
ND
ND
ND

ND
ND

ND
ND
ND
ND

TOLL) EN II

ND
ND
ND
ND
ND
ND
ND
ND

ND
ND
ND
ND
ND

ND
20)(H)0|.ig/l
[3,()()()|.ig/l
1 9,000 MSI/!

< 5 MS/1
ND

2<1001u.!;;/]
:i '1 00 |LI f'/l

ND
ND

50|u.!;;/l
ND



SAMPLE ArVALYSIS

G r o u n d u a t e r samples; collected by Roint Associales HE: d personnel were analyzed on-sitc wi th in
several hou r s of c o l l e c t i o n u t i l i z i n g EI H'ewletl. Packard M o d e l 589011 gas cluornalograph equipped
wiih a flame lonization detector Peak integration was performed by ;i 1 lev,leit Packard Model
33966 1 r i l e e r a t o r The specific GC parameters and condition:; \veirc, as follows:

Chro rnai ographi c Col umn: J & \V Scie ml i [iic D f.J • I
(].5.:iiTini, 30 n i e i e t , :i.O |.i f i lm t h i c k n e s s

Oven Concl il io ns 100 "C isot h sinnal

Injection Tenripsiralnre:

Garner Ga s N il i o[;,e n @ appro >; 13 cc > rn in

Ground\A-al::ir s amples iin '10 nil VOA v ia l s were placed in a room temperatua: (65 D F) \va i le i r l>ath Io
p r o v i d e a c o n s i s t e n t sample t e m p e r a t u r e To created a headspac e, ten m i l l i l i t e rs of water we
removed and the v i a l was aaiitak'd by hand for two minute : ; A 0.3 ml heads pace s a m p l e was drawn
f r o m t h r o u g h the septum u t i l i z i n g a ga.s-1 ight syr inge and was immed ia t e ly in jec ted into the
chiro matograph Cornpou n dls were i de n t i f i ed ba se d on a c orn pai ison to retenl io n I in les o f standards.

fo c a l i b r a t e the e l i rorna tograph, a 10,000 |.ig/l stiindiEiid of benzene and l o l u e n c was prepared from
neal standards. Lower concent ra t ion standards were prepared by d i l u l i i n g the 10,000 |.ig/l standard
Aqueous ca l ibra t ion s l a n d ' a . r d s 'were placed into 40 ml VOA vials and were hand led in t h e same
manner as the g to undwater samples. A zero slEindard was prepEiicd u t i l i z i n g dc- ionized vvalei

Chro trial ograrns for the standards and for the groundlwaler sample.-, are attached.

Several of the g roundwa te r .samples exhibited foaming and effervescence dur ing agitation,
apparently as; a result of a reaction between I he hydrochloric acid preservative Eind compounds
present in I he ground water samples Thus '''of f-gas.s.i n g" may have impacted t h e c o n c e n t r a t i o n of
loluenc present in the he ad space of some groundw.ate r sarnp] e s;.
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